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Maximum Weighted Projection Solver for Contrast Preserving Decolorization

LU Hong-Yang® LIU Qie-Gen'! XIONG Jiao-Jiao! WANG Yu-Hao! DENG Xiao-Hua!

Abstract This paper presents a color-to-gray conversion model for faithfully preserving the contrast details of the
original color image. First, on the basic assumption that a good gray conversion should make the conveyed gradient values
to be maximal, we present a maximum weighted projection function to model the decolorization procedure, incorporating
weights of the original gradients into the maximization problem. The Gaussian weighted factor consisting of the gradients
of indivisual channels of the input color image is employed to better reflect the degree of preserving feature discriminability
and color ordering. Second, a discrete searching solver is proposed by determining the solution with the loss function
value from the linear parametric model-induced candidate images. The non-iterative solver has advantages in simplicity
and speed with only several simple arithmetic operations, leading to real-time computational speed. Finally, extensive
experimental evaluations on the existing datasets show that the proposed method outperforms the state-of-the-art methods

quantitatively and qualitatively.
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discrete searching

Citation Lu Hong-Yang, Liu Qie-Gen, Xiong Jiao-Jiao, Wang Yu-Hao, Deng Xiao-Hua. Maximum weighted projection
solver for contrast preserving decolorization. Acta Automatica Sinica, 2017, 43(5): 843—854

T VEIAG AL AN IR A Rl 507 1
BAL B BB H I, 2 0 R IK FE AL AR
sz B EAL. B e R AL BRI R 2 5
ARAGTAEEER B, Bl AR5 1230 B hRER
S, 0TI R BN £ B R B R D S S
BHE, AR O RBIKE, XA
TG SRR AL B, IR BB R KSR M R L Li &

ik H i 2016-01-22 A H Y 2016-04-28

Manuscript received January 22, 2016; accepted April 28, 2016

E 5 E RIS (61362001) ¥EH)

Supported by National Natural Science Foundation of China
(61362001)

BT RE R

Recommended by Associate Editor WU Jian-Xin

1. MERFEEIRPE 8 330031

1. School of Information Engineering, Nanchang University,
Nanchang 330031

BSR4k, ROAFT DA A, AR 2 R4
Fl B il SCRE BORMIBIRIF R 0 TR R R A UK L TR 1R T
Bk, BRJ5KIERBAEEARZZTTHRA ) 2
A, i EK SR mE A U, BRI BIK A B
ARBA LR

LR SRS 5 OB 0 IR K AL T A
A S R L IEHR N IR BEAL R A T DA 12 — 4K
R 0 K B = 2 (0 O i 2 () A 4 3] — 4 K E o
SRR EAE AR, AR RS A A, AN ]
A V2R ARG (15 B P 25 TR e i 25 2k
AR A A R R EE AR @
P PR )Xo L EE RIS € Py S5 401y PRI, AR HL e
R 6 BRI EEACROR, B% 7% FEAE N R (&
5 AR B R BRI b, R 2 ) K R PR AR A i



844 H 3l 1k

E N

43 %

PR A P AR X

YU

SN ST n|
FTEN

SAREZ
KEER &

[ 24T AR T
e A b

K1 RO EBIKE AR R R

Fig.1 Application diagram of color-to-gray conversion
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((a) Input images; (b) Gooch; (c) rgb2gray; (d) CP;
(e) RTCP; (f) MWPDe)
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Table 1 CCPR value of Cadik dataset
T Gooch rgb2gray CP RTCP MWPDe
1 0.96 0.93 0.97 0.96 0.96
2 0.93 0.88 0.94 0.94 0.94
3 0.91 0.84 0.92 0.92 0.92
4 0.89 0.80 0.91 0.90 0.91
5 0.87 0.77 0.89 0.89 0.90
6 0.85 0.75 0.87 0.87 0.88
7 0.83 0.73 0.86 0.86 0.87
8 0.81 0.71 0.84 0.85 0.86
9 0.79 0.69 0.83 0.83 0.85
10 0.77 0.68 0.82 0.82 0.84
11 0.75 0.66 0.80 0.80 0.84
12 0.72 0.65 0.79 0.79 0.83
13 0.70 0.63 0.77 0.77 0.82
14 0.69 0.62 0.76 0.76 0.81
15 0.67 0.61 0.75 0.75 0.81

LA X CSDD iR 5t TR KA, KB
IR MEBEBEOR, ] ATE UG B8 it — 284y
ikt MWPDe 5¥%.

%2 CSDD #ufE%ny CCPR

Table 2 CCPR value of CSDD dataset
T Gooch rgbh2gray CP RTCP MWPDe
1 0.97 0.96 0.96 0.96 0.95
2 0.93 0.94 0.93 0.93 0.92
3 0.91 0.91 0.91 0.91 0.91
4 0.89 0.89 0.89 0.90 0.89
5 0.87 0.87 0.87 0.88 0.88
6 0.85 0.85 0.85 0.87 0.86
7 0.83 0.83 0.83 0.85 0.85
8 0.81 0.81 0.81 0.84 0.84
9 0.79 0.80 0.79 0.82 0.83
10 0.77 0.78 0.77 0.81 0.82
11 0.76 0.76 0.75 0.80 0.81
12 0.74 0.75 0.74 0.78 0.80
13 0.73 0.73 0.72 0.77 0.79
14 0.71 0.71 0.70 0.76 0.78
15 0.70 0.68 0.70 0.75 0.77

3.3 T COLOR250 #iB&ERIXILE

AT COLOR250 #dlde it AT s, X4
R B R 4 Pl B B 4 2 Ay G 5 4 DA S L A
WS TR, X L8 P B R 2 A A A R AR
IR AR 2% . V-1 XS A AN/ SO A AR

AHMEFERFEE T, Gooch, rgb2gray. CP. RTCP #1
MWPDe F.fp57A%F COLOR250 $ii 41 i B2 L
g5 CCPR AR 3 Fiow, nlAE Y 7 (KT
6 i) MWPDe 55341 CCPR{E L H A DY Fh A 5.
Kl 5 "] LAE i rgb2gray FVE K EAKCR LR FLE,
il = JRy RN 4 R B0 HU R, BN ER — AT HAR R — 5
ELAS T] 30 €8 19 20 € R ¢ €0 AL S50 Sy 2 30 1 K AL, A
1 JEAL JERME X PR (8. A3 MWPDe 534
AR LT MO B B 0 LU B2, LA 2T 6 ) A e Al 4 £
[k, RTCP f143C MWPDe 505 K FEAL 5 T ]
BT L E LRI

(@) (d) (c) (d) (© ()

Kl 5 COLOR250 iRt (o RG IR L EALLE R ((a) i
A BRERE; (b) Gooch H3ik; (c) rgh2gray 5ik; (d) CP 57
¥%; (e) RTCP 5¥%; (f) MWPDe $ii%)

Fig.5 Color-to-gray conversion results of COLOR250
dataset ((a) Input images; (b) Gooch; (c) rgb2gray;
(d) CP; (e) RTCP; (f) MWPDe)
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Table 3 CCPR value of COLOR250 dataset
T Gooch rgbh2gray CP RTCP MWPDe
1 0.95 0.96 0.96 0.96 0.95
2 0.92 0.93 0.93 0.93 0.92
3 0.89 0.90 0.90 0.90 0.90
4 0.86 0.87 0.88 0.88 0.88
5 0.83 0.85 0.86 0.86 0.86
6 0.81 0.83 0.84 0.84 0.85
7 0.79 0.81 0.82 0.83 0.83
8 0.76 0.79 0.80 0.81 0.82
9 0.74 0.77 0.79 0.80 0.81
10 0.72 0.75 0.77 0.78 0.80
11 0.70 0.74 0.76 0.77 0.79
12 0.68 0.72 0.74 0.76 0.78
13 0.67 0.70 0.73 0.75 0.77
14 0.65 0.69 0.72 0.74 0.76
15 0.63 0.67 0.70 0.72 0.75

1 —_—
I =
0.8 SRR =
’ §§f ~ rgb2gray
0.6 :’:::iﬁ wm CP
% :’ = RTCP
0.4 3 5 MWPDe
0
.
0 e
3
B 6 EfErscmal R
Fig.6 Preference experiment result
0.35
0.3 —
0.25 —

.

0.1

0.05 &

¥ rgh2gray
w CP

= RTCP

s MWPDe

3.5 BEMah

AP R M TS TR N K AL RO
AT A i WS P A ISE N 0, R
0.03 1y e s () 1%, SR Cadik & 1% S 34T
PUMEPESCEG 00T,  BUEM 1 F 15 W45 53 i
K% CCPR {HMI5E 4 . Al PAE H RTCP Al
MWPDe B3 1) K BE AR B4, 6 HH X B A 5 ¥4
HA RAmyietEge. 24 7 (5 5 #] 15, RTCP A

0 1 4
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Fig.7 Accuracy experiment result
F4 WEETEHT Cadik Hdfiskn) CCPR |
Table 4 CCPR value of Cadik dataset with noise added
T rgbh2gray CP RTCP MWPDe
1 0.92 0.95 0.94 0.96
2 0.86 0.91 0.91 0.92
3 0.82 0.87 0.88 0.89
4 0.78 0.84 0.85 0.86
5 0.74 0.82 0.84 0.84
6 0.72 0.79 0.82 0.82
7 0.70 0.77 0.81 0.81
8 0.68 0.75 0.80 0.79
9 0.66 0.73 0.78 0.78
10 0.65 0.71 0.77 0.77
11 0.63 0.70 0.76 0.76
12 0.62 0.68 0.75 0.75
13 0.61 0.66 0.74 0.74
14 0.60 0.65 0.73 0.74
15 0.58 0.64 0.72 0.73
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e 23 B W R X SRR B s i, AT A WM-
PDe S8 %50 AR BB 1) K BEALRCR . FATH
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K8 MErE 22k 0.03 WX Cadik B dEATHuEM: g
B ((a) FAR @R, (b) rgb2gray 3%; (c) CP 53K; (d)
RTCP 53y%; (e) MWPDe %)
Fig.8 Antinoise performance analysis of Cadik dataset
with 0.03 noise variance ((a) Input images; (b) rgb2gray;
(c) CP; (d) RTCP; (¢) MWPDe)

B9 SRR BER E B SRACE ((a) AR HRE A
B (RFE 2 AHT); (b) rgb2gray 535 (c) CP 5
(d) RTCP %3¥%; (e) MWPDe #3%)

Fig.9 Experiment results on the low resolution images
((a) Input low resolution color images (2 downsampling
factor); (b) rgb2gray; (c) CP; (d) RTCP; (e) MWPDe)
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Table 5 Runtime of different algorithms with the input
390 x 293 color image

Methods Gooch rgb2gray CP RTCP MWPDe
Runtime (s) 3.0007E+04 0.0048 0.5233 0.0728 0.0343
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